Abstract: Cardiovascular disease has a high rate of mortality in both Western and developing countries. Atherosclerosis and generation of reactive oxygen species through oxidative stress is the major risk factor for cardiovascular disease. Atherothrombosis with low levels of high-density lipoprotein (HDL) and high levels of low-density lipoprotein is a major risk factor for atherosclerosis-induced cardiovascular disease. Lipid-lowering drugs like statins, niacin, fibrates, and some newer agents, ie, the apolipoprotein A-I mimetics and the cholesteryl ester transfer protein inhibitors, not only increase HDL levels but are also effective in reducing key atherogenic lipid components, including triglyceride-rich lipoproteins. The aim of this review is to discuss the accumulating evidence suggesting that HDL possesses a diverse range of biological actions, and that increasing HDL levels by drug treatment may be beneficial in the prevention of cardiovascular disease.
Introduction
Atherothrombosis is a disease caused by low levels of high-density lipoprotein (HDL) and elevated levels of low-density lipoprotein (LDL). A low plasma concentration of HDL is an important risk factor for atherosclerosis-induced cardiovascular disease. 1, 2 Epidemiological studies have shown that low HDL is an independent risk factor for cardiovascular disease associated with diabetes mellitus and metabolic syndrome, even in patients having normal LDL levels. 3, 4 This report highlights some of the therapeutic implications of the National Cholesterol Education Program -Adult Treatment Panel III guidelines report and various therapeutic approaches to lowering elevated LDL and triglycerides, as well as increasing low levels of HDL to optimize clinical event rate reduction in patients with coronary heart disease. 5 New insights into the basic science of HDL function and metabolism, such as the discovery of beta-chain adenosine triphosphate (ATP) synthase as a hepatic catabolic HDL receptor, are f urther characterizing the importance of HDL in atheroprotection and identifying novel targets of drug development. Nicotinic acid, fibrates, statins, and thiazolidinediones not only increase HDL levels but also alter the size and composition of HDL subpopulations. Furthermore, these drugs promote the direct antiatherogenic effects of HDL, ie, antioxidation, anti-inflammatory and antithrombotic effects, and endothelial stabilization. In addition, there has been an increasing awareness in recent years of the importance of triglyceride-rich lipoprotein as a risk factor for cardiovascular disease, and the advantages of reducing plasma triglyceride levels and raising HDL levels to prevent coronary events.
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Thus, therapeutic intervention aimed at raising HDL, within the context of reducing global cardiovascular risk, would benefit patients, and is a viewpoint increasingly adopted by international treatment guidelines. Therapeutic options for patients with low HDL include statins, fibrates, and nicotinic acid, either as monotherapy or in combination. Of these options, nicotinic acid is not only the most potent agent for raising HDL, but is also effective in reducing key atherogenic lipid components, including triglyceride-rich lipoproteins.
7
HDL and cardiovascular disease
Individuals with low HDL cholesterol levels, ie, ,40 mg/dL (1.03 mmol/L) in men and ,50 mg/dL (1.30 mmol/L) in women, are at increased risk of coronary heart disease, restenosis after angioplasty, 8 and death from cardiovascular causes, especially if male 9 or with diabetes. 10 People with low HDL levels also have other cardiovascular risk factors, such as diabetes, hypertension, or both, which further increase risk. Epidemiologic and animal studies suggest that raising HDL levels may delay the development of atherosclerosis. In humans, each increase in baseline HDL of 1 mg/dL (0.03 mmol/L) is associated with a 6% decrease in the risk of death from coronary disease or myocardial infarction. 11 Another study suggests that for every 1 mg/dL (0.03 mmol/L) increase in HDL, cardiovascular risk is reduced by 2%-3%. 4 
HDL as a novel therapeutic target Statins
When lipid-lowering therapy is necessary, statins are preferred over other lipid-lowering drugs because they not only target dyslipidemia but also have anti-inflammatory properties. Statin subgroup analysis reveals no important differences between the three most commonly prescribed statins, ie, simvastatin, atorvastatin, and pravastatin. Atorvastatin produced greater reductions in LDL and triglyceride levels than other statins at milligram-equivalent doses, but had a limited ability to increase HDL levels. Indeed, increasing doses of atorvastatin were associated with progressively smaller increases in HDL levels, and a dose of 80 mg was associated with a mean decrease of 0.1% from baseline HDL level and, similarly, fluvastatin 40 mg lowered HDL levels by 3%. 12 The consequences of LDL and other lipoproteins against cardiovascular disease have already been reported by physicians. This is the main reason for the therapeutic need to decrease cardiovascular risk using lipid-lowering drugs. Recent studies show that statins demonstrate efficacy against this disease not only by reducing LDL levels but also by increasing HDL levels. 13 Many recent trials have demonstrated the effects of statins in cardiovascular disease, particularly reducing LDL and increasing HDL, and these effects have not been identified in patients with diabetes.
14 The most recent National Cholesterol Education Program -Adult Treatment Panel III guidelines suggest that statin therapy reduces cardiovascular disease risk by decreasing LDL levels and other mechanisms, including anti-inflammatory actions, and alteration of HDL and apolipoprotein levels. 2 Large-scale, randomized, prospective trials involving patients with coronary heart disease have shown that statins reduce the clinical consequences of atherosclerosis, including cardiovascular deaths, nonfatal myocardial infarction and stroke, hospitalization for acute coronary syndrome and heart failure, as well as the need for coronary revascularization. 15 Although the clinical benefits of statins have been well documented by primary and secondary prevention trials that justify their widespread use, it was not until the publication of the Veterans Affairs High-Density Lipoprotein Intervention Trial (VA-HIT) that the relevance of identifying HDL as a therapeutic target to reduce the risk of recurrent coronary heart disease events was identified. 16 Statins, particularly atorvastatin, reduce triglyceride-rich lipoprotein levels and increase HDL more than other lipidlowering drugs, eg, fenofibrate, and have a greater impact on atherogenic risk ratios, such as LDL:HDL. 17 In addition to modifying the lipid profile, statins have beneficial cholesterol-independent pleiotropic effects. The contribution of these effects to event reduction is not yet fully understood. 6 Statins, in addition to lowering LDL levels, raise HDL levels by 2%-15% via increased apolipoprotein A-1 synthesis. 18 HATS (the HDL Atherosclerosis Treatment Study) 19 demonstrated that a combination of low-dose simvastatin (10-20 mg/day) and high-dose niacin (2-4 mg/day) significantly increased HDL levels by 26%, as compared with placebo in patients with HDL levels # 40 mg/L, LDL levels # 145 mg/dL (3.75 mmol/L), and triglyceride levels , 400 mg/dL (4.52 mmol/L). In the Arterial Biology for the Investigation of the Treatment Effects of Reducing Cholesterol 2 (ARBITER 2) study, 20 which included subjects with established coronary disease and HDL , 45 mg/dL (1.16 mmol/L) and LDL cholesterol levels , 130 mg/dL (3.36 mmol/L), showed that addition of extended-release niacin 1000 mg daily to existing statin therapy increased mean HDL levels by 21% (from a mean 39- High-density lipoprotein in cardiovascular disease significantly increased in the placebo group (mean change, 0.044 mm; P , 0.001) but not in the niacin group (mean change, 0.014 mm; P = 0.23). However, a comparison of changes in intimal thickness over time did not show a significant difference between the two treatment groups. 18 
Nicotinic acid
Niacin (nicotinic acid or vitamin B) is the most effective medication to raise HDL cholesterol levels, causing increases of 20%-35%. The Coronary Drug Project demonstrated a significant reduction in the incidence of death and myocardial infarction after five years of niacin treatment in men with a history of myocardial infarction. Niacin inhibits hepatic uptake of apolipoprotein A-I and increases plasma pre-β HDL levels. Niacin therapy is associated with improved endothelial function and nitric oxide synthase activity. 18 In another study, Carlson reviewed the use of nicotinic acid along with statins in atherosclerosis-induced cardiovascular disease, and found that nicotinic acid increased HDL levels and decreased LDL levels in these patients. 1 However, despite statin therapy, a significant number of cardiovascular events continues to occur, indicating the need for additional targets for atherosclerosis management.
Bile acid sequestrants
The two established bile acid sequestrants or resins, cholestyramine and colestipol, are among the oldest of the hypolipidemic drugs, and are probably the safest agents because they are not absorbed from the intestine. These resins are also recommended for patients aged 11-20 years. Because statins are effective as monotherapy, resins are most often used as second-line agents if statin therapy does not lower LDL levels sufficiently. When used with a statin, cholestyramine and colestipol are usually prescribed at submaximal doses. Inhibition of reductase activity by a statin substantially increases the effectiveness of the resins. Maximal doses (24 g of cholestyramine and 30 g of colestipol) may reduce LDL by up to 25%, but will cause gastrointestinal side effects that are poorly tolerated by most patients. One to two weeks is sufficient to attain maximal LDL reduction using a given resin dose. HDL levels increase by 4% to 5%. Statins plus resins or niacin plus resins can reduce LDL by up to 40%-60%. 21 
Fibric acid derivatives
In another study it has been reported that obesity, the so-called metabolic syndrome, is a significant risk factor for coronary heart disease with high triglyceride levels and low HDL levels.
Fibrates have been used in clinical practice in more than two decoronary artery diseases and many clinical studies have reported that the use of fibrates in obese patients reduces the risk of cardiovascular disease by increasing HDL levels. 16 Gemfibrozil is more effective than the statins in decreasing triglycerides and increasing HDL in diabetic patients, and may even increase LDL levels (fenofibrate may be an exception, decreasing LDL cholesterol by 20%-25% in some studies). However, gemfibrozil does increase LDL particle size. Nevertheless, the statins are the current lipid-lowering drugs of choice because the change in the LDL to HDL ratio is better than for gemfibrozil. Moreover, the diabetic patient may be more likely to benefit from statin therapy than the nondiabetic patient. 22 In the Helsinki Heart Study and VA-HIT, treatment with gemfibrozil was associated with a reduction in cardiovascular disease events. The 22% reduction in coronary events in VA-HIT was attributed to a modest increase (6%) in HDL levels. In contrast, the results of studies using other fibrates, such as bezafibrate and fenofibrate, have been negative, while clofibrate has been associated with potential hazards. Some evidence indicates that the benefits seen in VA-HIT may be partly due to the additive effects of fibrates on apolipoprotein synthesis and lipoprotein metabolism. The combination of fibrates, particularly gemfibrozil, with statins requires caution and monitoring of creatine kinase levels because of the risk of myotoxicity, including rhabdomyolysis.
23
Newer drugs Apolipoprotein A-1 mimetics
Recent reports indicate that apolipoprotein A-1 mimetics inhibit atherosclerosis in LDL receptor-null mice fed Western diets. 24 The apolipoprotein A-I mimetic, 5A peptide, is highly specific for ATP-binding cassette transporter A1-mediated cholesterol efflux. Like apolipoprotein A-I, 5A peptide inhibits acute inflammation and oxidative stress in rabbit carotid vessels and human coronary artery endothelial cells. In vitro, the 5A peptide exerts these beneficial effects through interaction with the ATP-binding cassette A1 transporter and nuclear factor-κB (NF-κB) signaling pathways. 25 Apolipoprotein A-1 mimetic peptides are potent antioxidant and anti-inflammatory compounds which are highly effective in ameliorating atherosclerosis and inflammation in experimental animals. Apolipoprotein E -/-mice develop proteinuria and glomerular and tubulointerstitial injury associated with upregulation of oxidative and inflammatory mediators in the kidney, which is ameliorated by the administration of apolipoprotein A-1 mimetic peptide. These observations 
4
Saleem et al point to the role of oxidative stress and inflammation in the pathogenesis of renal disease in hyperlipidemic animals and perhaps in humans. 26 D-4F and pravastatin when given in combination at oral doses that were ineffective when given as single agents rendered HDL anti-inflammatory in mice and monkeys, prevented atherosclerosis in young apolipoprotein E null mice, and caused regression of established lesions in older ones. These results suggest that the combination of a statin and an HDL-based therapy may be a particularly potent treatment strategy. 27 Metabolic syndrome and type 2 diabetes are characterized not only by elevated cardiovascular risk and by low HDL cholesterol levels, but also by defective HDL function. Deficient HDL function and subnormal HDL levels may act synergistically to accelerate atherosclerosis in metabolic disease. Therapeutic normalization of attenuated antiatherogenic HDL function in terms of both particle number and quality of HDL particles is the target of innovative pharmacological approaches to increasing HDL, including inhibition of cholesteryl ester transfer protein (CETP), enhanced lipidation of apolipoprotein A-I with nicotinic acid, and infusion of reconstituted HDL or apolipoprotein A-I mimetics. A preferential increase in circulating concentrations of HDL particles possessing normalized antiatherogenic activity is therefore a promising therapeutic strategy for the treatment of common metabolic diseases featuring dyslipidemia, inflammation, and premature atherosclerosis. 28 
Cholesteryl ester transfer protein inhibitors
CETP is a plasma glycoprotein that mediates the transfer of cholesteryl esters from HDL to apolipoprotein B-containing lipoproteins, with a balanced transfer of triglycerides. Inhibition of CETP results in an accumulation of cholesteryl esters in HDL, thus resulting in increased HDL. 29 CETP inhibitors induce tight binding of CETP to HDL, indicating that these inhibitors promote the formation of a complex between CETP and HDL, resulting in inhibition of CETP activity. 30 In a double-blind trial with participants randomized in a 2:1 ratio to dalcetrapib 900 mg administered for up to 48 weeks, Stein et al 31 demonstrated no clinically relevant changes in lymph nodes, blood pressure, or other safety parameters. In this trial, participants were randomized in a 2:1 ratio to dalcetrapib 900 mg/day (higher than the 600 mg Phase III dose) or placebo, both with atorvastatin, for 24 weeks. Dalcetrapib increased HDL (by 33.4% at week 24 and 33.8% at week 48), decreased CETP activity (-53.5% at week 24 and -56.5% at week 48), and increased apolipoprotein A-I (11.4% at week 24 and 16.4% at week 48). Another study strongly supported the concept that anacetrapib seems to exhibit HDL increases greater than those seen with other investigational drugs in this class and demonstrates LDL-lowering effects similar to those of statins and anacetrapib without increasing blood pressure. 32 The CETP inhibitor torcetrapib increases plasma HDL levels by 40%-60%, while modestly decreasing LDL levels. Combining the HDL-elevating properties of a CETP inhibitor with the LDL cholesterol-lowering properties of a statin may offer improved outcomes over targeting LDL alone. 33 Torcetrapib has been shown to decrease aortic atherosclerosis in animals and significantly increase HDL levels in humans. [34] [35] [36] However, development of torcetrapib was halted in response to the results of Investigation of Lipid Level management to Understand its iMpact IN ATherosclerosis Events (ILLUMINATE), which showed a 61% increase in all-cause mortality and other cardiovascular events in individuals at high risk for congestive heart disease who were treated with torcetrapib plus atorvastatin compared with those who received placebo plus atorvastatin.
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Ongoing research
The beneficial effects of HDL on the cardiovascular system have been attributed to its ability to remove cellular cholesterol, as well as its anti-inflammatory, antioxidant, and antithrombotic properties, which act in concert to improve endothelial function and inhibit atherosclerosis, thereby reducing cardiovascular risk. 4 Emerging HDL-raising therapies (such as CTEP inhibitors and 1,2-dimyristoyl-sn-glycero-phosphocholine) and novel interventions that mimic the beneficial effects of HDL (such as apolipoprotein A-I milano and apolipoprotein A-I mimetic peptides) are proving beneficial in animal and human studies. 37 A number of preclinical studies have suggested that several HDL-based therapies have the potential to stabilize or regress atherosclerosis, consistent with epidemiologic evidence of an inverse relationship between coronary heart disease and HDL cholesterol levels. One such therapeutic approach involves direct infusion of HDL or HDL-like molecules for rapid remodeling and stabilization of atherosclerosis. 38 A variety of agents are being developed which affect both LDL and HDL metabolism, including inhibitors of acylcoenzyme A-cholesterol acyl transferase, microsomal transfer protein, and CETP, as well as specific receptor agonists. Growing research suggests that increasing HDL levels is important to limit cardiovascular risk in many patients. In addition, the pleiotropic anti-inflammatory effects of lipidlowering therapy may provide further risk reduction. 39 40 In many trials, it has been reported that currently available therapeutic and lifestyle strategies, when optimized, increase HDL levels by 20%-30%. While basic and small pilot studies have shown promise, proof that increasing HDL levels confers a reduction in major cardiovascular outcomes independent of changes in levels of LDL cholesterol or triglycerides has been more elusive. Some novel therapeutic agents in human studies appear to increase HDL levels effectively, whereas other novel strategies that target HDL metabolism or function may have minimal effect on HDL levels. 39 Statins have been shown to decrease LDL levels, but the evidence for reduction of coronary artery disease risk with HDL-raising therapy is relatively thin, partly due to the scarcity of effective and safe drugs for increasing HDL levels. 3 
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Conclusion
Development of new pharmaceutical agents for raising HDL represents an important strategy for reducing the residual cardiovascular risk associated with atherothrombosis.
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